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57] ABSTRACT

Lead and lead-alloy anodes for electrowinning metals such
as zinc, copper, lead, tin, nickel and manganese from sul-
furic acid solutions, whereby the electrodes are processed by
a repetitive sequence of cold deformation and recrystalliza-
tion heat treatment, within specified limits of deformation,
temperature and annealing time, to achieve an improved
microstructure consisting of a high frequency of special low
> CSL grain boundaries (i.e.>50%). The resultant electrodes
possess significantly 1mproved resistance to intergranular
corrosion, and yield (1) extended service life, (2) the poten-
fial for reduction in electrode thickness with a commensu-
rate 1ncrease 1n the number of electrodes per electrowinning
cell, and (3) the opportunity to extract higher purity metal
product.
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METALLURGICAL PROCESS FOR

MANUFACTURING ELECTROWINNING
LEAD ALLOY ELECTRODES

RELATED INVENTION

This application replaces Provisional Patent Application
No. 60/054,680 from which 1t derives the benefit of a filing
date of Aug. 4, 1997.

FIELD OF THE INVENTION

This 1mnvention relates to a metallurgical manufacturing,
process for producing corrosion-resistant Pb and Pb-alloy
clectrodes used 1n the electrowinning of metals such as: Cu,
Zn, Pb, Sn, N1, and Mn from sulfuric acid solutions.

BACKGROUND OF THE INVENTION

Lead and lead-alloy (positive) electrodes, are used exten-
sively 1n the electrowinning of copper, zinc, manganese,
nickel and other metals from sulfuric acid solutions. The use
of lead and lead-alloys in such applications 1s based upon
their general ability to withstand prolonged exposure to
sulfuric acid under highly oxidizing conditions. LLead and
lead-alloy electrodes, usually 1n the form of cast plates as
described 1n U.S. Pat. No. 4,124,482, and typically contain-
ing alloying constituents such as Ag, Ca, Sn and Sb, are
expected to endure periods of up to 4 years under such harsh
acidic conditions. The degradation of these electrodes 1s
primarily due to intergranular corrosion, which occurs as a
result of local volumetric changes associated with lead-
sulfuric to lead-oxide transitions at the intersection of inter-
nal grain boundaries with the free surface of the electrodes.
This results 1n a local compromise of the protective lead-
oxide film, and subsequent propagation of corrosive attack
into the grain boundaries, and ultimately, general loss of
clectrode metal via spalling and grain dropping. Such loss of
clectrode material, 1n addition to compromising the struc-
tural integrity of the electrode, results in contamination of
the electrolyte by lead and other electrode alloying
constituents, which ultimately limits the purity of the metal
deposit which can be achieved during the electrowinning
Process.

Numerous studies have shown that certain ‘special’ grain
boundaries, described on the basis of the well-established
‘Comncidence Site Lattice” model of interface structure
(Kronberg and Wilson, 1949" as lying within y0 of X where
>£29 and y0£152" (Brandon, 1966)" are highly resistant to
intergranular degradation processes such as corrosion and
cracking. In a previous U.S. patent (Palumbo, 1997)°, a
thermomechanical process 1s disclosed for increasing the
population of such special grain boundaries in commercial
austenitic Fe and Ni-based stainless alloys from approxi-
mately 20%—-30% to levels 1in excess of 60%; such an
increase resulting in significantly improved resistance to
intergranular degradation processes such as intergranular
corrosion and stress corrosion cracking. In more recent
patent applications (Palumbo, [.ehockey, and Brennenstuhl)
* thermomechanical processes are disclosed for achieving
such 1mprovements with lead alloys commonly used as
clectrodes 1n conventional lead-acid batteries. The patents,
applications and publications discussed above and i1dentified
by footnotes are incorporated by reference herein, for their
disclosures on alloy interfacial structure.

SUMMARY OF THE INVENTION

According to the present invention, Pb- and Pb-alloy
clectrowinning electrode materials having special grain
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2

boundary populations m excess of 50% can be prepared.
Such materials are processed from starting cast ingots or
wrought starting stock, by specific repetitive cycles of
deformation (rolling, pressing, extruding, stamping, drawing
etc.) and recrystallization heat treatment. Use of these mate-

rials 1n electrodes affords significantly improved intergranu-
lar corrosion resistance 1n sulfuric acid-based electrowin-

ning solutions.

! Kronberg, and Wilson. Trans. Met. Soc. AIME, 185 501
(1949).

> Brandon, Acta Metall., 14, 1479 (1966).
> Palumbo, G., U.S. Pat. No. 5,702,543 (1997)

* G. Palumbo, E. M. Lehockey and A. M. Brennenstuhl,
U.S. patent application Ser. Nos. 08/609,326; 08,/609,327.
These improved electrode materials can provide enhanced

reliability and extended service life, allow the use of reduced
clectrode thickness, and reduce the risk of impurity con-
tamination of the electrolyte and metal product.

BRIEF DESCRIPITION OF THE DRAWINGS

FIG. 1 1s a graphic reproduction of crystallographic
orientation images of Pb-Ag electrowinning material in (a)
the conventional ‘cast’ condition and (b) after processing
according to the method of the present invention.

FIG. 2 1s a reproduction of cross-sectional optical photo-
micrographs of intergranular corrosion on a Pb-Ag eclec-
trowinning alloy (a) in the as-cast conventional condition
and (b) as-processed by the method of the present invention,
cach following 4 weeks of potentiostatic anodic polarization
in sulfuric acid at a potential of 1.74V.

FIG. 3 1s a graph of data, comparing the rate of weight loss
sustained by a Pb-Ag electrowinning electrode material (a)
in the conventional cast condition and (b) as-processed by
the method of the present invention, during 4 weeks of

potentiostatic anodic polarization in sulfuric acid at a poten-
tial of 1.74V d.c.

DETAILED DESCRIPTION OF THE
INVENTION

The anode of the present invention comprises Pb or
Pb-alloy containing Ag, Ca, Sn, Sb or any combination
thereof suitable for use 1n electrowinning. These electrodes
arc 1n the form of sheet, plate, mesh etc. which have been
metallurgically processed to contain a ‘special’ grain bound-
ary frequency of £250%. These special grain boundaries are
described crystallographically as lying within AG=15°%"
of specific CSL descriptions having X=29; their enhanced
frequency 1n the microstructure yields electrowinning
anodes possessing superior resistance to intergranular cor-
rosion 1n sulfuric acid-based electrowinning solutions. Such
anodes are obtained by a process of selective and repetitive
recrystallization, whereby cast of wrought starting stock of
commercially pure Pb or of common electrowinning elec-
trode material, is sequentially deformed (e.g., rolling,
pressing, stamping, extruding, drawing etc.) and heat treated
to induce recrystallization. The process of deformation and
heat treatment being repeated at least once. Both commer-
cially pure Pb and common Pb-based electrowinning elec-
trode alloys can be so processed using deformations in the
range ol 30%—80% and heat treatment temperatures in the
range ol 180 C.—300 C. for 5 to 20 minutes, and suilicient
to induce recrystallization.

FIG. 1 shows the grain boundary structure distributions
for a Pb-0.1% Ag alloy 1mn both the conventional cast
condition, and following reprocessing in accordance with
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the embodiments of this invention. As shown 1n this figure,
common as-cast material possesses ‘special” grain boundary
populations of 6%—8%; reprocessing, as described herein
yields a ‘special’ grain boundary frequency of >60%.

FIGS. 2 and 3 underscore the benefits 1n terms of inter-
oranular corrosion and ‘electrode-loss’ which can be
obtained by reprocessing 1n accordance with the embodi-
ments of this mnvention.

The noted improvements in intergranular corrosion resis-
tance will (1) significantly extend the service life of
Pb-based electrode material (2) allow the use of thinner
electrodes per electrowinning cell, and (3) allow the syn-
thesis of higher purity metals from electrowinning opera-
fions.

We claim:

1. A method for processing a Pb-based alloy electrowin-
ning electrode material to produce a microstructure contain-

4

ing at least a 50% level of special grain boundaries, com-
prising the steps of.

(1) subjecting the material to a cold deformation treatment
to achieve a thickness reduction of from 30% to 80%;

(i1) annealing the material at a temperature in the range of
180 to 300° C. for 15 to 30 minutes to induce complete
recrystallization; and

(i11) carrying out at least one repetition of steps (1) and (i1).
2. A method according to claim 1, wherein said electrode
material 1s a Pb-0.1% Ag alloy.

3. A corrosion-resistant electrowinning electrode fabri-
cated of an electrode material produced by the method of

> claim 2.
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